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ABSTRACT 

The overwintering success of a diapause larval 

population of the Southwestern corn borer, Diatraea 

grandiosella Dyar, was studied under both field and labor

atory conditions. An increase in larval mortality was 

observed in ten weekly samples from surface stalks as April 

temperatures increased. This resulted in a total larval 

mortality of 24.77o The one time sampling of caged buried 

stalks demonstrated a 20.0% larval mortality. 

Pupal mortality in the field was 5.7% when stalks 

remained undisturbed. This increased to 24.2% when stalks 

were sampled at the time of pupation. The total overwin

tering mortality was determined to be 73.9"L due largely 

to a failure of the moths to successfully emerge through 

the soil resulting in a high adult mortality. 

Development to pupation and subsequent emergence 

occurred sooner in the buried stalks than in those remain

ing on the surface. 

viii 



INTRODUCTION 

Developing models of insect populations has opened 

the door for evaluating population processes and predicting 

changes in population densities. The ability to forecast 

seasonal activity and yearly fluctuations of pest popula

tions can unquestionably aid in the managing of agroeco-

systems. This requires knowledge of the diapause and pheno

logy characteristics of each pest. Constructing models 

could then serve as a valuable tool in pest management pro

grams with data organized for predicting initiation, devel-

opement, and termination of diapause, as well as subsequent 

spring emergence. 

The Southwestern corn borer, Diatraea grandiosella 

Dyar, has been in Arizona for over 50 years and is a major 

threat in the corn and sorghum growing areas of the state. 

While chemical control has proved instrumental in suppress

ing the effects of this pest, a better understanding of its 

life cycle and habits could generate a more complete systems 

analysis approach to control. 

The present investigation was undertaken to study 

an overwintering population of D. grandiosella through 

spring emergence in order that the results might be used 

to initiate a usable model. The specific goals of the 

research were: 1) to determine the natural incidence and 

1 
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successfulness of diapause in the corn borer in Arizona, 

2) to measure the impact of mortality on the population, 

and 3) to develop a physiological time scale as it relates 

to the populations' spring development. 



LITERATURE REVIEW 

The Southwestern Corn Borer 

The Southwestern corn borer (SWCB)', Diatraea 

grandiosella, was first described by H. G. Dyar (1911) from 

a specimen collected at Guadalajara, Mexico. This Pyralid 

species is believed to have migrated northward into the 

United States through Arizona, New Mexico, and Texas at 

about the same time. Although the first discovery of its 

presence in this country was not recorded until 1913, it 

had already become established in many localities by this 

time. Corm grown by the Indians could possibly have aided 

its introduction across the border before the arrival of 

white settlers (Davis et al., 1933). 

Since its discovery, the SWCB has become established 

throughout the southern corn belt from Arizona to central 

Kansas to eastern-most Alabama (Chippendale and Reddy, 1974), 

while having been found in sixteen different states (Morrison 

et al., 1977). Corn is the preferred host for developing 

populations and their attack on this crop is economically 

important in the southern United States (.Henderson et al., 

1966) . Severe losses have occurred in Mississippi (Hender

son and Douglas, 1967, Black et al., 1970; Henderson and 

Davis, 1970), Louisiana (Floyd et al., 1969), and Kansas 

(Wilbur et al., 1950; Whitworth and Poston, 1979). In 

3 
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Arizona, farmers have experienced economic infestations in 

grain sorghum with yield losses up to 50% (Moore et al., 

1971; Gerhardt et al., 1972). 

Life Stages 

Eggs of SWCB are usually laid on the upper surface 

of leaves near the stalk and are sometimes deposited on the 

under surface of leaves or on the stalk itself (Davis et al., 

1933; Stewart and Walten, 1964). They are deposited singly 

or in small groups overlapping like shingles. The newly 

laid, pale-yellow eggs develop three characteristic red-

orange, transverse bands after about 24 hours. 

SWCB exhibit a larval polymorphism which allows 

for easy differentiation between winter and summer larvae. 

The sximmer form is milky white with many segmentally arrang

ed black pinacula giving the larva a spotted appearance. 

These non-diapausing larvae occur in the host plant above 

ground and never lose their spotted appearance before pupat

ing. The winter form, which enters a facultative diapause, 

becomes creamy yellow without pigmented spots at the final 

larval molt. This immaculate mature larva is found in the 

host below ground level (Chippendale and Reddy, 1972). 

Both larval morphs pass into an immobile pre-pupal 

phase for about 24 hours before molting into a naked, dark 

brown pupa in the stalk. The light, straw-colored adults 
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emerge in the early evening and do not feed. Mating usually 

occurs on the night of emergence and oviposition of 300-400 

eggs begins the following night, extending up to three nights 

(Rolston, 1955; Davis and Henderson, 1967). 

Host Preferences 

SWCB feed on relatively few hosts and are restrict

ed to the grass family Graminae. All varieties of corn, Zea 

mays, are known to serve equally as the preferred host 

(Chippendale, 1979) . Secondary hosts such as sugarcane and 

sorghum are very susceptible to attack and experience damage 

equal to corn (Davis et al., 1933; Gerhardt 

et al., 1972). Even if only slightly damaged, these second

ary hosts, along with Sudan grass, broomcorn, and Johnson 

grass, may serve as a resevoir for the build-up of SWCB pop

ulations (Chippendale, 1979). 

Damage to host plants occurs during the entire devel

opment time of the larvae. The first two instars of the 

first generation feed primarily on the tender leaf and whorl 

tissue. Feeding within the whorl before tassling can serious

ly damage the meristematic region of the terminal bud caus

ing "dead heart" and resulting in dwarfed, deformed plants. 

Those of the second generation feed on the ear husks and shanks 

which does not usually result in significant losses (Henderson 

and Douglas, 1967). 
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The third instar bores into the stalk where the 

larva spends the remainder of its life. During this time, 

the larva does extensive tunneling and girdling which can 

cause severe weakening of the plants and a lost of grain 

(Henderson and Douglas, 1967; Davis et al., 1972; Chippendale 

1979). The girdling activity is considered the 

greatest and most serious damage caused by the insect (Chada 

et al., 1955; Floyd et al., 1969; Morrisson et al., 1977). 

Diapause 

Diapause is a state of dormancy used as a survival 

mechanism to overcome the extreme, long-term, unfavorable 

environmental conditions experienced, while serving to syn

chronize population growth and reproduction with favorable 

environmental conditions. Many investigators have examined 

insect diapause, particularly for species adapted to the wide

ly fluctuating changes of temperate regions (Andrewartha and 

Birch, 1954; Lees, 1955; DeWilde, 1962; Beck, 1968; Tauber 

and Tauber, 1976). Diapause of such species is regulated 

by photoperiod and temperature, with the former exhibiting a 

strong influence. 

In contrast, Chippendale and Reddy (1973) pointed 

out that only minor changes in seasonal daylight occurs in 

subtropical latitudes and so other factors such as rainfall 

and temperature may play a more important role. Their 
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laboratory studies showed that SWCB may respond to photoper

iodic stimuli but are extremely temperature dependent. At 

both 23° and 27°C, photoperiodic responses are not observed. 

In Arizona, two populations at different elevations were 

shown to exhibit a five week difference in diapause induc

tion and termination rates due to the variations of mean 

daily temperatures (Davis et al., 1933). These data suggest 

temperature plays the dominate role in regulating diapause 

larvae. 

Further studies by Chippendale et al (.1976) indicated 

that although temperature plays a primary role, diapause is 

actually controlled by larval exposure to appropriate thermo-

periods with influences from photoperiodic interactions. 

Using various high-low thermoperiods, they demonstrated there 

is a suppression of diapause when the low temperature phase 

coincided with the photophase, but a 100% incidence of dia

pause occurred in the reversed state. This is shown even 

when the mean temperature was essentially non-inductive 

(27°C). The borers respond to a 14 hour photophase as a short 

day, so the incidence of diapause is dependent on the dura

tion of the low temperature phase in addition to its coinci

dence with the scotophase (Chippendale and Reddy, 1973). 

As diapause proceeds, most insects' sensitivity to 

photoperiod is reduced and basically lost by midwinter (Tauber 

and Tauber, 1976). SWCB was shown by Chippendale and Reddy 
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(1973) to exhibit the highest rates of diapause development 

under aperiodic light conditions indicating temperature again 

to be the regulating factor. They further demonstrated dia

pause to occur at a much higher rate at 30°C than at 23° and 

25°C. That study, along with later investigations (Chippendale 

et al., 1976), concluded that thermoperiods and photoperiods 

which promote diapause induction result in a low rate of 

diapause development. 

Water Requirements 

The role of water during insect diapause has not been 

satisfactorily explained since it is difficult to distinguish 

between diapause and post-diapause development requirements 

(Tauber and Tauber, 1976). Some larvae, such as the European 

corn borer, Ostrinia nublalis (.Hubner) (Mellanby, 1958; Beck, 

1967), the Pink bollworm, Pectinophora gossypiella (Watson 

et al., 1973), and the cornstalk borer, Diatraea lineolata Wlk. 

(Kevan, 1944) have been shown to require the intake of water 

to complete diapause development. Conversely, larvae of the 

wheat stem sawfly, Cephus cinctus Norton, do not need water 

to complete development (Church, 1955) . 

Reddy and Chippendale (1973) showed SWCB did not 

require contact water for diapause termination and that sub

sequent pupation could occur in the absence of water. In 

fact, these investigators showed diapause development progressed 
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more rapidly in the more dehydrated larvae so long as the 

tissue water content did not fall below 55%. As with most 

insects (Salt, 1961), the water content of SWCB fell sharply 

at the onset of diapause. When exposed to water, larvae 

always took up ca. 37ul of water within 24 hours in order 

to replace some of the loss, regardless of the length of 

time held in dry conditions. Although not required, it is 

believed this uptake promotes the physiological processes 

involved with pupation (Reddy and Chippendale, 1973). 

Overwinter Survival 

SWCB diapause larvae are susceptible to freezing 

and their low temperature mortality is considered the prin

cipal barrier against successfully establishing colonies in 

more northern corn growing regions (Wilbur et al. 1950; 

Chippendale and Reddy, 1974). When exposed to -4°C without 

acclimation for 2 or more weeks, severe mortality was observ

ed. Even with a 5°C acclimation, larvae could not withstand 

prolonged subzero temperatures (Chippendale and Reddy, 1974). 

In areas where SWCB has become established, near 

freezing temperatures are not such a threat to population 

survival as in the northern limits of distribution. Yet, 

Floyd et al. (.1969) reported only a fraction of a population 

entering diapause in Louisiana survived to emerge as adults. 

Even though ambient temperatures dropped as low as 20°F, 
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these investigators showed mortality caused by weather was 

negligible but rather predation by the yellow shafted flick

er, Colaptes auratus, was the primary mortality factor. 

Thirty-Forty diapause larvae per 100 stalks were reduced by 

spring to 2-4 larvae per 100 stalks as a result of bird pre

dation. C. auratus appears to be the most important predator 

of SWCB and helps make bird predation the greatest single 

factor in suppressing overwintering populations in Arkansas 

(Wall and Whitcomb, 1964) and Mississippi (Black et al., 1970; 

Davis et al., 1973) also. 

While winter mortality in general varies greatly in 

different areas, it is usually very high (Davis et al., 1933) 

and is responsible for the greatest population mortality occur-

rances (Chippendale, 1979). Other factors in Arizona include 

unfavorable moisture, drought, stalk rot, termites, ants and 

disease. Mortality of overwintering larvae tends to increase 

as Spring approaches (.Davis et al., 1933). 

Spring Phenology 

Phenology deals with the timing of biological events 

which correspond to key environmental factors (Tauber and 

Tauber, 1976). Post-diapause development of SWCB, in terms 

of pupation and emergence in the spring, can be followed by 

accumulating temperatures above a base of 50°F (Whitworth 
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and Poston, 1979). There is considerable variation in time 

required for spring development and emergence of the borers, 

even in adjacent fields due to the varying conditions of the 

soil (Davis et al., 1933). Although phenological events 

have been studies in terms of heat accumulation during the 

season (Chippendale, 1979; Whitworth and Poston, 1979), no 

similar work has been published for overwintering and post 

diapause events. 

Life Tables 

A life table serves as a condensed tabulation of 

information concerning mortality factors for a known group 

of individuals (Harcourt, 1969). A number of ecological life 

tables have been constructed since Deevey (1947) first applied 

this idea to animal populations in nature. The format of 

the life table can be adjusted to fit the various needs of 

the population under study (Southwood, 1966). Morris and 

Miller (1954) were the first to present a detailed life table 

for a natural insect population and pointed out that such 

populations pose a specific problem in that periodic survivor

ship data on the same individuals cannot be recorded. 

Two types of life tables have been developed for in

sect populations. The first is an age-specific life table 

which is used for insects with distinct generations and is 
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based on the fate of a real cohort. The second is a time-

specific life table which is used for insects with overlap

ping generations and utilizes an imaginary cohort determined 

by the age structure of the population at various points in 

time (Southwood, 1966). The first type requires several 

population density measurements during the insects' life 

cycle (Clarke et al., 1967). 

Ecological life tables are valuable tools in the 

study of insect population dynamics. Harcourt (1969) stresses 

that a life table is not an end in itself, but simply an 

ordered, systematic view of a population's mortality and 

survival. One or two tables may indicate only that a certain 

level of mortality occurs at a given age interval, but a 

sequence of table s will increase our understanding of the 

dynamics of that population. Together they can aid manage

ment decisions so as to influence mortality rates by reveal

ing what stage in the life cycle of a pest most strongly con

tributes to the population trend (Morris, 1963). 



MATERIALS AND METHODS 

Location and Description of SWCB Source 

The source of SECB for this investigation was field 

corn grown in Marana, Arizona during the summer of 1979. 

Preliminary stalk dissections in early October indicated an 

infestation of approximately 0.52 larva per stalk, and based 

on this information 1400 corn stalks were collected on October 

23-25. The collected stalks included the root system and the 

lower 2-4 feet of stalk since SWCB diapause larvae are pri

marily found in this area of a corn stalk. The 1400 stalks 

were moved to the University of Arizona Allen Road Entomology 

Laboratory in Tucson where the field portions of this study 

were conducted. 

Location and Description of Study Areas 

The stalks were placed in a pile on an area of open 

ground where they remained undisturbed until January 19, 1980. 

On that date, 700 stalks were removed from the pile and trans-

2 
ferred to a 900 ft plot of land on the east side of the 

farm. The stalks were buried one layer thick about 3-6 inches 

beneath the soil surface for use in the spring emergence 

study. 

Adult spring emergence was monitored using two sizes 

of pyramidal emergence cages. The larger cages were 0.001 

13 
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2 
acre in size (6.6 ft ) of a rigid construction of wood and 

wire screen. The smaller cages were aluminum-framed, col-

2 lapsible cages with wire screening measured 3 ft . Moths 

were collected in inverted mason jars mounted on the tops 

of cages. Nineteen of the smaller cages and nine of the 

larger were used. All cages were positioned next to each 

other in two groups leaving an aisle for easy access (Fig. 

1). All buried stalks were not covered by cages since some 

were collected to compare SWCB post-diapause development in 

the buried stalks with the remaining unburied supply. 

Sampling Procedures 

The sample unit used in all collections was the 

lower 2-4 feet of corn stalk including the root system. 

Once a week stalks from the surface supply were randomly 

selected and dissected until 25 live larvae were collected.. 

Each of these was placed in a 1 oz. clear plastic cup with 

a cardboard lid. The following information was recorded: 

the number of infested stalks, uninfested stalks, live lar

vae, dead larvae, pupae, adults, and factors affecting mor

tality when observable. The sampling dates, sample sizes, 

and stalk locations are presented in Table 1. 

On April 24, a preliminary sample of the buried 

stalks was collected to determine whether pupation had com

menced. Two additional 25 specimen collections were made 
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Nor th  Border  

Figure 1. Field plan of large and small cages used to 

determine spring emergence of D. qrandiosella. 
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Table 1. Sample dates, sample sizes, and stalk locations 
used for the overwintering study of D. grandiosella. 

Date 

2-26-80 

3-4 

3-11 

3-18 

3-25 

4-1 

4-8 

4-15 

4-22 

4-24 

4-25 

4-29 

4-29 

6-15 

Stalks 
Dissected 

55 

47 

45 

39 

40 

42 

44 

45 

44 

22 

55 

76 

69 

351 

Location^ 

a 

a 

a 

a 

a 

a 

a 

a 

a 

b 

b 

a 

b 

c 

Sample 
Size 

25 

25 

25 

25 

25 

25 

25 

25 

25 

10 

25 

25 

25 

a = surface stalks 
b = noncaged buried stalks 
c = caged buried stalks 
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April 25 and 29. While uncovering and dissecting the buried 

stalks, it was noted that many of the SWCB larvae and pupae 

were outside the stalk in the root area or in the soil near 

the stalk. 

Beginning April 25, the emergence cages were check

ed on a daily basis. Emerged moths were removed while the 

number and sex was recorded. On June 15, after no addition

al moths had emerged since May 26, all stalks under each cage 

were counted and dissected. The number of stalks, larvae, 

pupae, fresh pupal cases, and adults was recorded. 

Environmental Measurements 

Daily measurements of maximum-minimum temperatures 

were determined from thermographs of both ambient and soil 

conditions beginning January 1 and January 19 respectively. 

Air temperatures and precipitation measurements were obtain

ed from the permanent weather station at the University of 

Arizona Campbell Avenue Farm located one-half mile from the 

study site. Soil temperature 6" below the surface were mea

sured at the study site for the duration of the study using 

an Auto-Lite thermograph, Model 1000. 

Laboratory Procedures 

Once collected from dissected stalks and placed in 

individual cups, the 25 live larvae per sample were brought 
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to the laboratory where they were maintained in a bioclimatic 

chamber set at 16 hour light: 8 hour dark photoperiod and a 

constant temperature of 26.5°C (80°F). A few small shreds 

of Whatman #1 filter paper was added to each cup for absorp

tion of water. The paper was moistened with 2-3 drops of 

distilled water every other day throughout the course of the 

corn borers development so as to prevent dessication. All 

specimen were checked twice daily for mortality and develop

mental changes. When adults emerged, they were sexed and 

removed. 



RESULTS AND DISCUSSION 

Characterization of the Population 

Second generation diapause larvae were used in this 

study. Based on an initial stalk dissection made October 18, 

1979 of two stalks in 25 areas of the field, 50% of the 

plants contained larvae with an average of 0.52 larvae per 

stalk. Complete diapause had not been reached in the popu

lation as indicated by the 0.14 spotted larvae per stalk col

lected. Data based on the dissection of 477 surface stalks 

throughout the study indicated the population of diapause 

larvae to be 0.65 per stalk in 62.7% of the stalks (Table 2). 

The discrepency between these estimated population levels 

is probably due to the difference of sampling sizes, since 

the October 18 sample was collected to determine the number 

of stalks that would be needed for the study. The frequency 

of larval densities in the infested surface stalks was 96.3% 

with one larva, 3.3% with two larvae, and 0.3% with three 

larvae per stalk. 

The Life Table 

Partial life tables for the diapausing SWCB popula

tion were constructed following a design used for the Spruce 

19 
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Budworm in Canada with column headings as follows (Morris 

and Miller, 1954; Morris, 1957): 

x - age interval achieved 

lx - the number living at the start of particular 
age interval 

dx - the number dying within the particular age interval 

lOOqx - percent apparent mortality (based on nos. from 
life table) 

lOOrx - percent actual mortality (based on actual nos. 
collected) 

Separate life tables were prepared for each stalk 

location (Tables 3, 4 and 5). Since the first sample of the 

larval population was not collected until February 26, 1980, 

it was assumed that all borers from each sample had success

fully reached the diapause stage. Therefore, all specimen 

collected, regardless of development, were included in the 

first age interval. The corresponding lx value represents 

the total number of SWCB per 100 stalks sampled in the re

spective locations. 

Ten weekly samples of SWCB collected from the sur

face stalks and subsequently reared in the laboratory were 

used to develop the first life table (Table 3). The dx 

values reflect the combined field and laboratory mortalities 

of a particular age interval. The second life table (Table 

4} represents the information collected from the April 24, 

25 and 29 sampling dates of the non-caged, buried stalks. 
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These values also represent data from field and laboratory 

observations. 

The life table based on the June 15 post-emergence 

dissections of the caged stalks is given in Table 5. These 

values were determined only from field observations using 

both indirect and direct evidence. The lx and dx values of 

the adult age interval were calculated from the known values 

of the other intervals. 

When comparing larval lx values of the three life 

tables, there appears to be a decrease in the population 

size. If the data collected from the surface stalks repre

sents the best estimation of the total population, then the 

observed decrease could be due to individuals "lost" during 

pre-pupal activity. It seems the difference in population 

counts may correspond with the differences in amounts of 

corn borer'activity the population had experienced. Samp

ling of the surface stalks occurred primarily during the 

inactive diapause stage. Only 1.6% of the specimen collect

ed were pupae, indicating activity of the population was 

minimal. The non-caged and caged buried stalks were samp

led after 66% and 99.4% of the individuals had already com

pleted the active pre-pupal stage. An obvious increase in 

larval activity was noted when some of the larvae and pupae 

were found outside the stalks. This activity could easily 

have resulted in overlooking individuals during the popula

tion counts. 
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Table 2. Results of sampling overwintering D. grandiosella 
in surface stalks from 2-26 to 4-29. 

Number of stalks dissected 477 

Number of stalks containing larvae 299 

Percent infested stalks 62.7% 

Number live larvae 248 

Number dead larvae 58 

Number live pupae 4 

Number dead pupae 1 

Total number specimen collected 311 

Accidental deaths due to dissection of stalks 1 

Number dying as larvae in the lab 16 

Number dying as pupae in the lab 18 
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Table 3. Life table of the overwintering D. grandiosella 
population from surface stalks. 

x lx~*~ dx~*~ lOOqx lOOrx 

Diapause 65.2 15.7 24.1 24.1 
larva 

Pupa 49.5 4.0 8.1 8.0 

Adult 45.5 

Generation 
Total 19.7 30.2 30.1 

"S?er 100 plants 
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Table 4. Life table of the overwintering D. grandiosella 
population from non-caged buried stalks. ' 

X lx^ dx^ lOOqx lOOrx 

Diapause 50.0 10.3 20.6 20.5 
larva 

Pupa 39.7 9.6 24.2 24.1 

Adult 30.1 

Generation 
Total 19.9 39.8 39.7 

"*"per 100 plants 



25 

Table 5. Life table of overwintering D. grandiosella popu
lation from caged buried stalks (.small traps only) 

x lx1 dx1 lOOqx lOOrx 

Diapause 48.4 9.7 20.0 20.0 
larva 

Pupa 38.7 2.3 5.9 5.9 

Adult " 36.4 19.3 53.0 53.1 

Trapped 
Adult 17.1 

Generation" 
Total 31.3 64.7 64.9 

"'"per 100 plants 
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Before the stalks to be buried were removed from 

the surface pile, some of the spotted larvae in the upper 

portions could have migrated downward into other stalks. 

The migration could have taken place in October or early 

November when the temperatures were still warm. Some pre-

diapause larvae are known to descend to the stalk base by 

crawling down the outside and re-entering just above ground 

level (Chippendale, 1974). No specimen were ever found out

side the surface stalks since the chances of larvae surviv

ing the hazards of winter anywhere but internally at the 

base of the stalk is minimal. Therefore, such migration 

would result in a decrease of individuals in the upper lay

ers of the pile and an increase in the lower. The buried 

stalks were taken from the top half of the pile. 

Although never observed, some reduction in numbers 

could also have been a result of predation by birds in the 

late fall. Other researchers have reported birds to be an 

important factor in overwintering SWCB mortality (Davis et 

al., 1933, Wilbur et al., 1950; Wall and Whitcomb, 1964; 

Floyd et al., 1969; Black et al., 1970; Davis et al., 1973). 

The greatest access of larvae would have been the outermost 

stalks which were later used for the buried supply. How

ever, if bird predation occurred, one would expect similar 

losses in the surface stalks after the removal and caging 

of the buried supply. There was no evidence of predation 
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by birds or other natural enemies even though stalks were 

available for such attack from January to the end of April. 

Regardless of the population size, the percent 

mortalities can be compared. Diapause larval mortality was 

24.7% in the surface stalk specimens (Table 3). The non-

caged and caged buried stalk samples indicated larval mor

tality to be 20.6% and 20.0% respectively (Tables 4 and 5). 

Remaining on the surface without the benefit of 

protection and insulation from the soil probably contributed 

to the deaths of some of the surface stalk larvae. The in

sect is more suspectible to dessication and freezing when 

the stalks are exposed above the soil surface (Daniels and 

Chester, 1975). The pile itself may have initially served 

to protect stalks internally, but as sampling depleted the 

pile, it became more like a monolayer. This subjected more 

stalks to stressful climatic fluctuations. The daytime tem

peratures got consistently warmer, reaching 9 8°F on April 19, 

and the weekly sampling showed a sharp increase in larval 

mortalities at this time (Table 6). 

A larger discrepency seen in these life tables is 

among apparent pupal mortalities. The non-caged buried corn 

borers (Table 4) exhibited 24.2% pupal mortality which ac

counted for 48.2% of the dead individuals to that point. Pu

pal mortality was 8.1% among surface stalk SWCB (Table 3) and 

5.7% among caged buried SWCB (Table 5) which represented 
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Table 6. Mortality on 
grandiosella 

specific sampling dates 
from surface stalks. 

o
 

H
i 

ID
 

• 

Date 
Number 
Larvae 

Number 
Dead 

Percent 
Mortality 

2-26 34 8 23.5 

3-4 28 3 10.7 

3-11 31 6 19.4 

3-18 26 1 3.8 

3-25 29 4 13.8 

4-01 27 2 7.4 

4-08 26 1 3.8 

4-15 30 5 16.7 

4-22a 35 10 28.6 

4-29b 45 19 42.2 

a = includes 1 pupa 
b = includes 3 pupae 
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20.3% and 19.7% of the dead individuals respectively. The 

SWCB is very fragile at the time of pupation and it was 

during this developmental period when the uncaged stalks 

were dissected. Pupae subsequently dying in the laboratory 

accounted for 64.3% of the pupal deaths probably as a result 

of the excess disturbance and abrupt change of environmental 

conditions. The other 35.7% consisted of pupae found dead, 

and larvae which later died in the pupal stage. 

Overall, the life tables give a good indication of 

mortality figures for this population of SWCB. Larval mor

tality was about 20% while pupal mortality was less than half 

that when left undisturbed. This means at least 70% of the 

population successfully completed development to the adult 

stage. Moths captured in the emergence cages indicated 35.3% 

of the original population was available for possible repro

ductive activities. Therefore, half of the potentially viable 

adults did not successfully emerge from their overwintering 

sites to become contributors to the next generation. This 

resulted in a 64.7% total mortality. 

An expected population and life table based on the 

sampling of the surface stalks was calculated for the known 

number of caged stalks (Table 7). The previously calculated 

infestation of 0.65 SWCB/stalk (Table 3) suggested there 

should have been 230 individuals overwintering in the caged 

stalks. Using the known mortality percentages of larvae 

and pupae from Table 3 and the observed number of captured 
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Table 7. Expected life table of overwintering D. 
grandiosella population from small caged stalks. 

x lx^ dx^ lOOqx 

Diapause 65.5 15.7 24.0 
larva 

Pupa 49.8 4.0 8.0 

Adult 45.8 28.7 62.7 

Trapped 17.1 
Adult 

Generation 
Total 48.4 73.9 

"'"per 100 plants 
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adults from Table 5, the lx and dx values were calculated 

for each age interval. The percent total mortality became 

73.9% with the increase seen in the adult interval. While 

the adult dx value reflects 62.7% pre-emerged adult mortal

ity and 59.4% of the total mortality, it also includes "lost" 

individuals from each age interval. Assuming the lost of 

viable adults due to trap design or larval migration away 

from the traps was minimal, then the survival rate of this 

SWCB population was 26.1%. Such a low rate is not surpris

ing since many geographic locations experience low adult 

counts in the spring (Davis et al., 1933; Wilbur, 1950). 

The determination of apparent mortalities for the 

caged stalks have been based upon the small, aluminum cage 

collections. It became obvious during adult emergence that 

the larger cages were inefficient and led to inaccurate adult 

counts. Many times when daily counts were being recorded, 

moths were observed in the large cages which had not reached 

the holding jar. These were sexed and, if not found the 

next day in the jar, were counted. Many may have been missed 

or counted twice. Previous studies have shown the smaller 

cages to be significantly more efficient and accurate than 

the larger type (Watson et al., 1975). Comparison of the 

two cage types based on moth counts and stalk examinations 

is given (Table 8). 
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Table 8. Comparisons of large and small cage counts of 
emerged D. grandiosella adults 

Large Small 
Cages Cages 

Dissected stalks 203 351 

Live larvae 0 1 

Dead larvae 19 33 

Live pupae 0 0 

Dead pupae 3 8 

Dead adults 3 6 

Pupal cases 70 122 

Live moths 26 60 
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Density 

It is uncommon for more than one SWCB larva to over

winter in a stalk because of the insects1 cannabilistic na

ture (Chippendale, 1979) . Studies by Davis et al. (1933) 

in Arizona demonstrated that over 90% of the infested stalks 

had only one larva. In this study, 96.3% of the infested 

surface stalks had only single larva (Fig. 2) . In the buried 

stalks, only one case of coexisting corn borers was observed 

in each of the caged and uncaged studies. 

The distributions of the densities per infested 

surface stalk and the corresponding percent contribution to 

larval mortality are shown (Fig. 2). 6.8% of larval mortal

ity was a result of densities in excess of one. This was 

probably due to the lack of overwintering niches per stalk. 

The larvae in these stalks exhibited only 17% mortality as 

a group since once taken to the laboratory they all survived. 

Sex Ratio 

Adults from each location were sexed and Chi square 

tests performed to determine the significane of the observed 

results. For each location, it was assumed mortality occur

red at random thus not favoring either sex. The actual num

bers of each sex and the Chi square values for each group 

are listed (Table 9). Although the females outnumber the 
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Figure 2. Frequency distributions of the densities of 
D. grandiosella per infested stalk in which 
larval mortality was found in the surface 
stalks. 
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males, the Chi square value is quite low and allows the 

acceptance of the hypothesis that the actual ratio is 50:50. 

Table 9. Sex ratio and Chi square values of the overwinter
ing D. grandiosella population. 

Number Number -
Location Males Females x 

Surface stalks 103 114 0.558 

Caged Stalks 26 34 1.35 

Post-diapause Development 

The development data for diapause larvae transferred 

to the laboratory at weekly intervals from the surface stalks 

are presented in Table 10. The mean number of days required 

for pupation and emergence were not significantly different 

for collections between February 26 and April 8 or between 

March 4 and April 15. Significant reductions in the number 

of days necessary to complete development did occur in larvae 

remaining outdoors until April 22 and April 29. There was 

not significant difference between any of the collections 

in the duration of pupal development. 

These results indicate a discontinuous decline in the 

number of days required for emergence occurred as the winter 

season progressed. The fact that no significant reduction 
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Table 10. Mean days required for D. grandiosella from 
surface stalks to complete development to a 
given stage in the lab. 

Collection 
Date 

Development 
to Pupation 

Pupation 
to Emergence 

Total 
Development 

2-26 33.5+30.3 2 a 10.5+0.7 2 
a 47.5+29.0 a2 

3-04 25.4+13.3 ab 10.4+0.9 a 35.8+13.7 ab 

3-11 25.0+14.9 ab 10.0+1.4 a 35.0+15.8 ab 

3-18 24.7+12.4 ab 10.6+0.9 a 35.3+12.3 ab 

3-25 22.6+19.0 ab 10.5+0.9 a 33.1+19.4 ab 

4-01 21.7+14.1 ab 10.9+0.6 a 32.7+14.0 ab 

4-08 28.4+21.2 ab 10.7+0.7 a 39.0+21.3 ab 

4-15 18.1+12.8 be 10.7+0.6 a 28.8+13.0 be 

4-22 13.0+ 5.5 c 10.5+0.8 a 23.5+ 5.4 c 

4-29 10.6+ 6.6 d 10.9+0.7 a 21.8+ 6.9 d 

"'"Given as mean + standard deviation 

2 Based on "t" test of means of two non-paired samples with 
different numbers of obervations. Means with the same let
ter are not significant different. Means with different 
letters are significantly different at the 0.05 level of 
probability. 
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in the mean days for diapause termination occurred between 

March 4 and April 15 suggests a threshold value may have been 

present. These larvae had fulfilled the necessary require

ments for diapause, and post-diapause development was trig

gered by the constant warm temperatures of the laboratory. 

Further exposure in the field failed to accelerate emergence 

times significantly until the middle of April. 

The latent period observed before a significant re

duction in development time was probably a result of the 

temperatures the corn borers had experienced. Twenty-two 

of 25 nights between March 15 and April 10 had low ambient 

temperatures ranging from 31°F to 40°F. These cold temper

atures may have retarded post-diapause development. From 

April 10 to April 29, only 5 nights had temperatures as low, 

while the daytime temperatures reached 9 8°F on April 19 allow

ing for development to proceed. 

The emergence rate of the caged overwintering SWCB 

population as a function of physiological time (.heat units 

above 50°F) is presented in Table 11. The results refer to 

the heat unit accumulations using soil temperatures since 

ambient temperatures were not indicative of the temperatures 

experienced by SWCB. Fifty percent of the emerged population 

occurred on May 9 after accumulating 1208.9 heat units from 

January 1. 



Table 11. Relationship of spring emergence in the D. grandiosella population to heat 
units above 50 F and the percentage of the given population emerged. 

Heat1 Heat2 

Date 
Units 
Soil 

Units 
Air 

Percent 
Male 

Percent 
Female 

Percent 
Total 

4-28 949.3 1071.6 0.0 8.8 5.0 

5-01 1004.9 1110.0 7.7 11.8 10.0 

5-04 1073.2 1164.7 15.4 26.5 21.7 

5-07 1154.2 1231.2 34.6 50.0 43.3 

5-09 1208.9 1270.3 46.1 67.6 58.3 

5-10 1236.1 1283.0 50.0 70.6 61.7 

5-13 1304.7 1324.8 69.2 76.5 75.0 

5-15 1352.1 1355.1 88.5 85.3 86.7 

5-20 1487.3 1466.8 96.2 97.0 96.7 

5-25 1628.4 1565.8 100.0 100.0 100.0 

^accumulated from ambient temperatures January 1-18 and soil temperatures from 
January 19. 

2 
accumulated from January 1. 
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The time of emergence observed in the present study 

is in reasonable agreement with the previously reported re

sults, even though the latter was based only on calendar days. 

Davis et al. (1933) reported emergence in the Tucson vicinity 

occurred between the first of May to the first part of June 

while peak emergence occurred between May 15 and May 20. 

The present study shows emergence activity to be shifted up 

a week from his results, and is probably a result of vari

able soil conditions and seasonal temperatures. 

The time required for diapause development observed 

for the two locations illustrates how local conditions affect 

the same population differently. Pupation of SWCB in the 

surface stalks was not recorded until April 22 and 4 individ

uals had pupated by April 29. On the other hand, sampling 

of the buried stalks on April 24 and 25 revealed 66% of the 

individuals had already begun pupation (Table 12). Those 

on the surface experienced a wider range of temperatures 

than those insulated in the soil. During March, the sur

face stalks were exposed to only 2 days when the low ambient 

temperature did not drop below 50°F. However, the soil tem

perature remained 50°F or above on 18 different days. By 

April 4 the soil temperatures stayed greater than 50°, where

as the minimum ambient temperatures for April still reached 

below 50°F on 21 days while 12 of those were below 40°. The 

maximum, minimum, and mean temperatures are given in Table 13 

for comparison. 
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Table 12. Results of sampling overwintering D. grandiosella 
in non-caged buried stalks. 

Stalks Live Dead Live Dead Dead 
Date Dissected Larvae Larvae Pupae Pupae Adult 

4-24 22 5 2 5 

4-25 55 8 1 19 1 -

4-29 69 6 3 19 1 1 

Total 146 19 6 43 
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Based on the data obtained from rearing field over

wintering corn borers in the laboratory, a comparison was 

undertaken to determine if differences in developmental time 

existed between males and females. The time required to 

pupate, to pass from pupa to adult, and to complete total 

development was examined (Tables 14, 15, and 16). Since all 

larvae were reared under similar conditions, calendar time 

(days) was used rather than physiological time (day degrees) 

Due to complications arising from the variation inherent in 

the samples, the Wilcoxan rank-sum test, a non-parametric 

test, was used. It is only designed to detect if a consis

tent difference occurs between paired means, not to deter

mine if the difference is significant. 

It appears from the information based on mean devel 

opmental times that laboratory reared females required more 

days for developing than males. However, the field study 

showed 50% of the female population emerged before 50% of 

the male counterpart (Table 11). 



Table 13. Ambient and soil temperature record based on 10 day maximum, minimum, 
and mean temperatures from March 1 to April 29, 1980. 

Temperature (°F) No. Days 
Min. Temp. 
Below 50° 

10-day Max. Min. Mean 
Period Air Soil Air Soil Air Soil Air Soil 

Mar. 1-10 78 67 35 48 57.0 57.8 8 2 

11-20 79 69 32 42 57.2 53.0 10 4 

21-30 79 71 31 41 53.1 56.5 10 6 

Apr.31-09 88 78 33 45 57.8 60.8 10 4 

10-19 98 86 33 53 63.0 68.3 7 0 

20-29 95 84 39 53 65.9 69.8 4 0 

to 
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Table 14. Comparison of the sexual difference in time re
quired for overwintering D. grandiosella larvae 
to pupate in the laboratory. 

Collection 
Date 

Mean Days to Pupation Collection 
Date Males Females Difference"'" Rank^ 

2-26 34.09 39.67 5.58 6 

3-4 25.88 26.0 0.12 1 

3-11 21.27 32.12 10.85 10 

3-18 27.54 20.55 -6.98 7 

3-25 15.71 25.41 9.7 8 

4-1 21.83 21.67 -0.16 2 

4-8 22.37 32.33 9.96 9 

4-15 17.28 19.44 2.16 4 

4-22 12.27 13.54 1.27= 3 

4-29 17.0 20.00 3.0 5 

T = 7 

^Females minus males 

2 Based on Wilcoxan rank sum test 

* 
Significant at the 0.05 level 
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Table 15. Comparison of the sexual difference in time required 
for overwintering D. grandiosella pupae to develop 
into adults in the laboratory. 

Mean Days From Pupa to Emergence 

Collection 
Date Males Females Difference"*" Rank^ 

2-26 10.09 10.83 0.74 7 

3-4 8.0 10.80 2.8 10 

3-11 9.53 10. 87- 1.34 9 

3-18 10. 31 11.0 0.69 3 

3-25 9.57 10. 88 1.31 8 

4-1 11.0 10.92 -0.08 2 

4-8 10.5 10. 83 0. 33 6 

4-15 9.92 10. 89 0.32 5 

4-22 10. 38 10.62 0.7 4 

4-29 10.31 -0.07 1 

T = 3.0* 

^"Females minus males 

2 
Based on Wilcoxan rank sum test 

1e 
Significant at the 0.05 level 
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Table 16. Comparison of the sexual difference in time re
quired for overwintering D. grandiosella to 
complete development to the adult stage in the 
laboratory. 

Mean Days to 
Complete Development 

Collection 
Date Males Females Difference"'" Rank 

2-26 44.18 50.5 6.32 7 

3-4 35.88 36.8 0.92 2 

3-11 30. 8 43.0 12.2 10 

3-18 37.85 31.56 -6.29 6 

3-25 25.28 36.29 11.01 9 

4-1 32. 83 32.58 -0.25 1 

4-8 32.88 43.17 10.29 8 

4-15 27. 86 30.33 2.47 3 

4-22 21.17 24.15 2.98 4 

4-29 25.25 28.77 3.52 5 

T = 7 

^"Females minus males 

2 Based on Wilcoxan rank sum test 

* 
Significant at the 0.05 level 



SUMMARY AND CONCLUSION 

This research was done in the field and laboratory 

to observe the nature and success of an overwintering popu

lation of the Southwestern corn borer, Diatraea grandiosella. 

Infested stalks collected in October, 1979 provided the source 

of diapause larvae used. The total mortality in the overwin

tering population, in the absence of normal cultural prac

tices, was 73.9%. This represented a reduction from 0.65 

larva per stalk collected from the "surface stalks to 0.17 

moths emerging per stalk in the spring. 

The larval mortalities of all test locations were 

similar. These were 24.7%, 20.6% and 20.0% for the surface 

stalks, non-caged and caged buried stalks respectively. The 

slightly higher rate of the former was probably due to stalk 

exposure above the soil surface thus subjecting the larvae 

to greater climatic changes and stresses. 

The survival rate of pupae appeared to be vulner

able to disturbances during this fragile stage. Pupal dis

turbance was greatest in the non-caged buried stalks which 

was reflected in the 24.2% mortality rate. Conversely, pupae 

of the surface stalks were lab reared from larvae, experienced 

only minimal disturbances, and had only an 8.1% mortality 

rate. Only a 5.7% mortality rate was determined for pupae 

of the caged buried stalks which were never disturbed. 

46 
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Based on these mortality figures, it was determined 

about 70% of the population successfully reached the adult 

stage. However, the survival rate was calculated to be 26.1%. 

This large discrepancy in the population was probably due to 

a high adult mortality rate. More than twice as many fresh 

pupal cases were found than there were emerged adults indica

ting a failure of the moths to emerge completely so as to con

tribute to the following generation. Although high mortality 

rates are common in overwintering populations, the greater 

factor appears to be the inability to migrate through the 

soil as adults. Floyd et al. (1969) reported low larval mor

talities in undisturbed, caged stalks also, but failed to re

port the subsequent number of moths which successfully emerged. 

Mortality as a result of multiple larvae per stalk 

was only 6.8%. This was largely due to the fact only 3.7% 

of the surface stalks exhibited larval densities greater than 

one because of the cannibilistic nature of pre-diapause lar

vae. 

The sex ratio in the field and laboratory was deter

mined to be 50:50, although the small numbers used in this 

study favored the females. This corroborated the findings 

reported by Davis et al. (.1933) . Laboratory observations in

dicated a sexual difference in developmental times, with the 

mean time needed by females to be greater in all phases of 

development. However, the more natural field situation 
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indicated females' mean time required for development and 

emergence was less than males. 

Spring development of the population was in reason

able agreement with previous reports. The buried individuals 

emerged earlier than the surface specimen possibly as a re

sult of less fluctuations in temperatures and the reduced 

photoperiodic input experienced. Fifty percent of the emerg

ed population from the buried stalks was trapped by May 9 

after 1208.9 heat units (above 50°F) in the soil were accum

ulated. 

SWCB appears to be well adapted to environmental 

conditions during the overwintering diapause stage in Arizona. 

Assuming no atypically severe winter conditions or extensive 

threats by natural enemies, larval mortality would be expect

ed to be low in any given year. Mortality from the latter 

will vary in each location and should be studied more speci

fically in Arizona to get an idea on the direct effect it 

has on mortality over a wide area. 

The most vulnerable time in the overwintering SWCB 

is after it has completed diapause and resumed development, 

particularly during early pupation. Varying local environ

mental conditions, especially temperature will determine 

some extent of mortality particularly in exposed stalks. Ex

tensive disturbances during this time can also play an im

portant role. Effective timing of proper cultural practices 
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may occur during this period. Further work is necessary to 

determine survival estimates of SWCB and specific effects in 

Arizona of cultural practices employed. 

An attempt to relate phenological events of SWCB 

in Arizona based on physiological time has been initiated. 

The use of soil temperatures is a better indication to what 

buried stalks are subjected. Over a large area with cultural 

practices uprooting stalks, however, ambient temperatures 

should probably be used to monitor the timing of phenological 

events. Perhaps the two could be used simultaneously for a 

closer estimation of location conditions. 
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